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Fonnation constants of Al(III), Y(III), Ce(III) and La(III) complexes of sodium N-benzoyl-
p-hydroxylaminobenzene-sulphonate (BPHAS) have been determined potentiornetrically follow-
Ing Calvin-Wilson pH titration technique in aqueous solution at 30° ±0·5° and 11= 05. The
stability order for 1 : 1, 1 : 2 and 1 : 3 (metal-ligand) complexes is AI(III) >Y(III):>Ce(III» La(III) ;
the Iog'lln (n = 1, 2, 3) values are found to be 6·98, 1:3'50, 18·88,5·58, 10'47, 14'05,4'79,8'71, 11·47
and 4·53, 8·20, 10·73 respectively. The proton-ligand stability constant (l/k*) has been
determined potentiometrically under identical conditions and pk* value has been found to be
7·84. The stability order is in good agreement with the decrease in ionic potential in the
sequence AI3+>Y3+>Ce3+>La3+.
IN a previous communication the compositionsof Fe(III) and U02(II) complexes withN-benzoyl-p-hydroxylaminobenzene sulphonate
(BPHAS or RHNa, I) were found by Job's method
of continuous variation. In the present investigation
formation constants of AI(III), Y (III), Ce(III) and
La(III) complexes of BPHAS in aqueous solution
at [L=0'5 and 30 ± 0·5° have been determined follow-
ing Calvin-Wilson pH titration techniques. The
proton-ligand stability constant has also been deter-
mined potentiometrically under identical conditions.
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Materials and Methods
Materials - BPHAS was obtained pure by the
method of Ghosh and coworkers'. All other reagents
were either of AR quality or properly purified and
their solutions were made in doubly distilled CO2-
free water.
A solution (25 ml, 0·015M) of BPHAS was prepar-
ed by accurate weighing, requisite amounts of
standard HCl04 solution and standard NaCI04
solution being added so as to make the solution O'OlM
with respect to HCl04 at 11.=0·50.
Metal-ligand solutions - Solutions (25 ml) con-
tained known amounts of BPHAS, standard
HCl04 solution, M(CI04h (where M=AI, Y, Ce and
La) solution and NaCI04 solution so that they were
0'015M, O'OlM, 0'004M or 0'003M with respect
to BPHAS, HCI04 and M3+ ions respectively at
[L=0·50.
The solutions were allowed to equilibrate at each
stage of titration and PH measurements were made
after the attainment of the required temperature
30 + 0·5°C.
p-H values were measured made with the help of
a Cambridge portable type pH-meter employing
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a glass electrode of 1-13 PH range in conjunction
with a saturated calomel electrode connected to the
cell by means of an agar 2M NaN03 bridge.
Procedure - The experimental procedure consisted
of the potentiometric tit rations of 0'015M BPHAS
solutions containing O'OlM HCI04 with a standard
0'05374M NaOH solution, in the absence and in
the presence of 0'004M or 0'003M M3+ions in aqueous
media at [L=0'5 (NaCI04).
For the determination of final acid and alkali
concentrations, a solution of O'OlM HCl04 was
potentiometrically titrated with the same NaOH
solution under the same experimental conditions
and the pH-meter readings (jJH) at each step of the
titration were plotted against the negative loga-
rithm of analytical concentrations of acid and
alkali. The acid and alkali concentrations at any
stage of the other titrations were obtained from
such plots.
Results and Discussion
Acid-dissociation constant (k*) of BPHAS - The
ligand BPHAS (RH-) behaves as a monobasic
acid and its acid dissociation may be represented
by Eq. (1).
RH-~H"f +R2- ... (1)
for which the acid dissociation constant (k*) is given
by
k*=[H+][R2-]/[RH-] ... (2)
The value of pk* was obtained by Bjerrum half-s
method" and also from the intercept of the linear
plot of the Eq. (3)
pH=log (l-nH)/nH+pk* ... (3)
where nH is the average number of proton bound
to the lignad ion R 2- and is given by
nH=[RH-]/([RH-] + [R2-]) =(R-P+F-H+
+OH-)/R ... (4)
The values of Ro and nR were obtained from the
experimental data employing the relations (6) and(7)
Ro=(R-P+F -H+ +OH-)k*/[H+] (6)
nR={R-Ro(1+[H+]/k*)}/M (7)
where M is the total concentration of M3+ ions, all
other notations have their usual meanings.
The values of ~l' ~2 and ~3 obtained this way
and refined by successive approximation are given
in Table l.
Standard deviations (cr) were calculated by usual
procedures for which calculated nR and nR values
were obtained from relations (3) and (5) respectively
employing the refined values of pk* and log ~l>
log ~2 and log ~3 and experimental values of pH
and pRo as necessary. Limits of error were also
found out by comparing the experimental formation
curves with calculated ones obtained on plotting
calculated values of nR and nR against experimental
values of pH and pRo respectively. Results are
stated in Table l.
The order of successive stability constants is
found to be AP+> Y3+>Ce3+>La3+ which is obvious
from the consideration of ionic potentials of these
ions". The decrease in ionic potential in the se-
quence AP+> Y3+>Ce3+>La3+ is due to increase
of cationic radius of the trivalent ions of which the
increase of ionic radius is more pronounced from
AP+ to Y3+. Thus successive formation constant
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where R, F and P are the initial concentrations of
the ligand RH-, free acid and alkali while H+ and
OR- are equilibrium concentrations of acid and
alkali respectively. The pk* value thus calculated
comes out to be 7·84.
Successive formation constants (~l' ~2' and ~3) of
M(III)-BPHAS complexes (M =Al, Y, Ce and La)-
BPHAS (RH-) behaves as a mono-protic bidentate
ligand and formation of its tris-complexes with
M3+ ions may take place in a stepwise manner. The
formation curves were obtained by plotting nR the
average number of ligand ion R2- bound to M3+
ion against pRo, where Ro is the equilibrium concen-
tration of R2- ion at any stage of the titration of
RH- in the presence of M3+ ions.
Approximate values of ~l and ~2 were obtained
from the intercepts and limiting slopes of the plots
(curves I and III, Figs. 1 and 2) of nR/(l-nR)Ro
against (2-nR)Ro/(1-nR) and of ~2 and ~3 from the
intercept and limiting slopes of the plots (curves
II and IV, Figs. 1 and 2) of [nR+(nR-l)~lRo]/
(2-nR)R~ against (3 -nR)Ro/(2-nR) respectively, em-
ploying the equations deduced from the following
relation!
... (5)
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Fig. 1 -- Linear plots for evaluation of ~1' ~2 a+d ~3 of
AI(III) and Y(III) complexes of BPHAS [Curves I and II:
(0) O'004M and (e) O'OJ3M AI(III); A, 1 x108; A', (t)10';
B, 1 x 10-8 and B', W10-12, Curves III and IV: (8)
0'004M and (.A) 0'003M Y(III); A, 1x106; A', 2x10";
B, W 10-4 and B', m 1O-9J
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Fig. 2 - LiEear plots for evaluation of ~1' ~2 and ~3 of
Ce(III) ar.d La(III) complexes of BPHAS [Curves I ar.d II:
(0) O'004M and (0) 0'003M Ce(III); A, m 106; A', 1 x 10';
B, (t) 10-3 and B', tic) 10-'. Curves III and IV: (0) 0'004M
and (8) O'003M La(III);A, 1 xro-. A', 1 x10'; B, (t) 10-3
and B', 1x10']
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TABLE 1 - METAL-LIGANDSTABILITYCONSTANTSOF METAL COMPLEXESOF BPHAS IN AQUEOUSSOLUTION
Central
ion
(Temp. 30o±0'5°; 11-=0'5)
log f32 log f3s a (range) Limits
of error
±0'OO8 (O<nH<l) ±0'0213-50 18·88 ±0'024 (0<'ftR <2'50) ±0'0410·47 14·05 ±0·020 (0<'fiR <2'55) ±0'04
8·71 11·47 ±0'020 (0<'iiR <2'50) ±0·04
8·20 10·73 ±0'015 (0<'IlR<2'35) ±0'04
log f31
H+
AIS+
yDt
CeS+
Las+
6·98
5'58
4·79
4'53
data reveal that increased affinity of M3+ ions for
oxygen donor ligands (hard bases) is due to increased
hardness with increased ionic potential of M3+ ions
as acids.
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